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A solidification mechanism transition of ternary Fe-Cu-Sn alloy induced by 
substantially undercooled state 
Peritectic reaction is seriously limited by solute diffusion, it can rarely be completed during practical materials processing. 
One side, the grain refinement of primary phase dendrites resulting from high undercooling condition facilitates the comple-
tion of peritectic transformation. Otherwise, those peritectic alloys with positive mixing enthalpy usually display metastable 
immiscibility gaps beyond certain critical undercoolings. If such alloys are subjected to rapid solidification, they experience a 
solidification path transition from peritectic transformation to monotectic transformation with the increase of alloy under-
cooling, as seen in Figure 1. It provides an effective approach for the synthesis or processing of various kinds of advanced 
materials. Professor WEI BingBo and his group from the Department of Applied Physics, Northwestern Polytechnical Univer-
sity (NPU), in Xi’an, China, have demonstrated novel dual solidification mechanisms for a ternary Fe47.5Cu47.5Sn5 
peritectic-type alloy. Their work, entitled “Dual solidification mechanisms of liquid ternary Fe-Cu-Sn alloy”, was published 
in SCIENCE CHINA Physics, Mechanics & Astronomy, 2012, 55(3): 450–459. 
Liquid ternary Fe47.5Cu47.5Sn5 alloy displayed dual solidification mechanisms when it was undercooled by up to 329 K 
(0.19TL). Below a critical undercooling of about 196 K, the microstructures are essentially a homogeneous composite of 
primary Fe dendrite fragments surrounded by peritectic (Cu) phase haloes and further enveloped with peritectic -Cu5.6Sn 
compound fillings. Once bulk undercooling exceeds 196 K, macrosegregation becomes the keynote of solidification and 
forms the Fe-rich and Cu-rich zone, different zones exhibit similar peritectic structure morphologies. Their boundary 
continuity is constantly improved as undercooling increases. The Stokes motion of liquid Fe-rich and Cu-rich phases driven 
by their density difference results in the formation of a top Fe-rich zone and a bottom Cu-rich zone. In both cases, solidifica-
tion process was always characterized by two successive peritectic transformations: firstly primary Fe dendrites reacted with 
liquid phase to form (Cu) phase, and subsequently (Cu) phase reacted with residual liquid phase to yield -Cu5.6Sn interme-
tallic compound. In the moderate undercooling range of 112–236 K, the dendritic growth velocity of primary Fe phase in-
creases with undercooling by following a power law relation. When macrosegregation is initiated at undercoolings greater 
than 246 K, Fe dendrite growth velocity displays a sharply decreasing tendency according to a negative power law relation. 
 
 
Figure 1  Schematic presentation for dual solidification mechanisms of a liquid ternary Fe-Cu-Sn alloy. 
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